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S p e c i a l  f e a t u r e
Water stress is increasingly recognised as a crisis innorthern China due to limited water reserves andescalating water demand. In terms of the com-
mon threshold of severe water stress of 1,000 cubic meters
(m3) of renewable water per capita, all three major river
basins in northern China — Huaihe, Haihe, and Huanghe
(Yellow River) — have water levels below half of this thresh-
old.((1) Additionally, northern China possesses roughly 20
percent of the nation’s water resources yet constitutes 64 per-
cent of the land area.((2) The increase in irrigation water
usage has been accompanied by increased demand for water
by industry, nearly exhausting the supply of water. The con-
sequences of water stress are formidable, including elimi-
nated river flows, falling groundwater tables, and widespread
water pollution. Water stress has also intensified water use
conflicts between upstream and downstream areas as well as
between agriculture and the municipal and industrial sectors.
Recent years have seen an increasing trend of reallocation of
agricultural water to the industrial and municipal sectors and
a compromising of environmental water needs. The Chaobai
watershed, which is facing the above mentioned difficulties,
is considered as a case study to illustrate the various problems
and issues associated with water transfers. The problems
being faced in this watershed are characteristic of problems
encountered in many other watersheds or rivers in China.
Our study area in the Chaobai watershed is located up-
stream of the Miyun reservoir, which is Beijing’s most im-
portant source of drinking water. The study area comprises
three counties of Hebei Province, namely Chicheng, Fengn-
ing, and Luanping, covering an area of 10,877 km2 (see Fig-
ure 1). This area is dominated by the continental temperate
monsoon climate, where precipitation varies from 350 to
690 mm and is highly concentrated from June to September.
The annual average runoff from this watershed to the Miyun
reservoir is about 752 million m3. However, in the past few
decades the runoff has declined considerably due to varied
precipitation and increased water consumption. Meanwhile,
water quality has deteriorated because of soil erosion and
wastewater discharge from industry and agriculture.((3)
Water Stress, Agricultural
Water Transfer, and Social
Equity in the Chaobai
Watershed
ZHOU YUAN AND YANG HONG
1. X. Cai and M.W. Rosegrant, “Water management and food production in China and
India: A comparative assessment,” Water Policy, 7(6), 2005, pp. 643-663. 
2. China Statistical Yearbook, 2005, http://www.stats.gov.cn/tjsj/ndsj/, accessed
January 2008.
3. C. Peisert and E. Sternfeld, “Quenching Beijing’s thirst: the need for integrated
management for the endangered Miyun reservoir,” China Environmental Series, 7,
2004, pp. 33-45.
c
h
in
a
pe
rs
pe
ct
iv
es
Water stress has resulted in an increasing trend towards the reallocation of agricultural water to the industrial and
municipal sectors. This study examines the impact of water reallocation on crop production and farmers’ incomes,
and identifies the gap between current levels of financial compensation and the real loss of farmers’ incomes based
on a survey of 349 farm households and their farm plots in the Chaobai watershed. The results show that the current
compensation received by farmers is generally lower than the losses incurred due to reduced irrigation. 
A transparent, fair, and legally protected compensation mechanism is required to achieve a long-term water sharing
relationship and sustainable water utilisation.
S p e c i a l  f e a t u r e
Under this situation, the Beijing authorities have been nego-
tiating with three county governments to reduce their water
use, especially in the agricultural sector. The efforts have
been twofold: firstly, investments have been made to improve
the irrigation infrastructure, combat water and soil erosion,
and promote water saving projects. Secondly, a series of in-
terventions and policies have been implemented, such as
converting sloping farmland to forest or pasture, designing
specific prohibited zones for grazing, water retention during
crop growing seasons, and more recently, converting paddy
rice to dryland crops. Many of these measures have had ad-
verse impacts on farmers’ livelihood and productivity, and
only very recently has compensation been considered an
issue in the water reallocation arrangement. In implementing
the above measures, two important questions have not been
carefully investigated. Firstly, to what degree have local farm-
ers become worse off in terms of both production and in-
come loss due to lack of access to irrigation water? Sec-
ondly, what is the appropriate level of compensation that
farmers should receive for adopting such measures?
Apart from water volume, there has been serious concern
over water quality. There are basically two sources of water
pollution: one is the so-called point source, such as pollution
coming from industry, and the other is non-point source, e.g.
from agricultural land, animal husbandry, and soil erosion.
As point sources are relatively easy to regulate and control
by imposing, for example, restrictions or bans on polluting
industries such as metal ore mining in upstream counties,
non-point sources have become the primary polluters of the
reservoir’s water. Wang et al.’s study((4) shows that non-point
source pollution contributes to 73 percent of COD (chemi-
cal oxygen demand), 94 percent of NH3-N (ammonia nitro-
gen), 75 percent of total N (nitrogen) and 94 percent of
HPO4 (phosphate ion) in the total pollutant load to the
Miyun reservoir. Nutrient loss from fertiliser is one of the
main sources of pollution from farmlands. 
Drawing on specific household surveys conducted by the au-
thors, this study investigates the impact of reduced irrigation
on crop production and household income in this watershed,
and attempts to identify the gaps between current compensa-
tion levels and farmers’ real income loss for the various policy
measures. Additionally, this study discusses the issue of water
quality, particularly with respect to fertiliser use. Based on the
findings, a few policy-relevant implications are discussed, and
recommendations for future development are made.Data and desc ription o f  farming characteris t ic s  
The  househo ld survey 
The data come from a household survey conducted between
July and December 2006 in collaboration with the Institute of
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Geographic Sciences and Natural Resources Research at the
Chinese Academy of Sciences. In proportion to the area
within the watershed and considering the distribution of the
rural population, we selected five townships in Chicheng
County, four in Fengning County, and two in Luanping
County for the survey. The townships are spread over the up-
stream, mid-stream, and downstream of the watershed. Three
representative villages were selected in each township. Around
ten households in each village were chosen randomly for face-
to-face interviews with the head of each household or with
members responsible for farming activities. In total, the survey
covered 34 villages and 349 farm households.
The survey questionnaire was designed to elicit information on
households’ demographic structure, land, and irrigation, farming
inputs and outputs, income sources, and decision-making in irri-
gation and fertiliser application. Interviewers who assisted the
researcher in conducting the survey were trained in how to ad-
minister the questionnaire. The survey contains, in particular, a
series of plot-specific questions such as plot size, irrigation sta-
tus, ownership, type of soil, soil fertility, distance from home, to-
pography and slope, type of crop, yield, crop intensity, crop ro-
tation, and the occurrence of natural disasters. From each
household, detailed information on the three largest plots was
collected for the year 2005. In addition, data were collected on
total household income and income by source including crop,
off-farm, livestock, and other incomes. In this study, crop in-
come refers to gross crop revenues minus production costs, tak-
ing into account the market value of crops produced for self-con-
sumption. Off-farm income includes wages for the household’s
agricultural and non-agricultural work, income from self-run busi-
nesses, and migrant remittances. Livestock income comprises
the net income generated from animal husbandry, including by-
products. The remaining income is treated as “other income”
and may include retirement pensions, earnings from leasing or
sales of assets, and other unidentifiable sources.
Farming characteri st i cs
Agriculture is dominated by small-scale subsistence farming
systems, with maize as the main crop. The agro-climatic con-
ditions permit one maize season a year. Other crops include
millet, sorghum, beans, and tubers crops. On a small per-
centage of land, paddy rice and cash crops, such as oil seeds
and vegetables are grown. Agricultural water use accounts
for more than 70 percent of the water withdrawal in the
area.((5) Due to the semi-arid climate and the mountainous
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environment, most crops are rain-fed, and irrigated land ac-
counts for less than 20 percent of the total arable land.((6)
Surface irrigation is characterised by obsolete canals, sub-
stantial leakage, and an unreliable water supply, and is free
of charge. In contrast, groundwater users have to pay for the
cost of pumping, which on average amounts to about 20-25
RMB per mu (Chinese land unit, 1 mu = 1/15 hectare),
about 14 percent of total capital expenses in the case of
maize farming. Fallow or routine rotation of crops is rarely
practiced in the region. Nutrient replenishment is based al-
most exclusively on the application of manure and chemical
fertiliser. 
The study area has a low income, and all three counties are
categorised as poor counties at a national level. A consider-
able number of the younger generation have left home and
sought employment elsewhere, as they do not consider farm-
ing attractive. Local farmers struggle to improve their stan-
dard of living by generating off-farm income through sea-
sonal work. This includes small trade activities or working
elsewhere as drivers or construction labourers, or in boilers
during off-farm periods. As employment opportunities and
earnings are limited, the area remains under-developed.
Poverty reduction is one of the pressing issues that need to
be dealt with. The general characteristics of the farmers sur-
veyed are shown in Table 1.Impact  o f agri cultural  watertransfer  on crop  yi eld  andhousehold income 
Water transfer from upstream agriculture to downstream mu-
nicipal and industrial uses has caused direct reduction in ir-
rigation water in the study area. Its impact can thus be
analysed by examining the effects of reduced irrigation on
crop yield and household income. As the affected areas are
located in part of the study area, this has been done by ex-
amining the differences in crop yields and income between
farm households with and without irrigated land. The exten-
sive literature review on the subject suggests that there are
strong linkages between irrigation and poverty.((7) Direct link-
ages operate via localised and household level effects, and
indirect linkages operate via aggregate or sub-national and
national level impacts. Irrigation benefits smallholder farm-
ers through higher production, higher yields, lower risk of
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crop failure, and higher and year-round farm and non-farm
employment. 
In this area, maize has the highest yield and is most suitable
to grow under local climate conditions, according to farmers
surveyed. Although it is not the main staple food, maize
plays an essential role in satisfying food needs through ex-
change or trade, and in generating income and providing
fodder for livestock. In our survey, the main food sources
were solicited. In all the samples, 70 percent of the house-
holds identified “selling maize to purchase grain” as one of
the main sources of food, while 36 percent identified “trade
of maize for wheat or rice.” In contrast, only 5 percent of the
households depend entirely on purchased food. The subse-
quent analysis will focus on maize to illustrate the impact of
irrigation on crop yield. 
Irrigation contributes to agricultural production mainly in two
ways. One is through the increase in crop yield and the
other is through increasing cropping intensity and/or switch-
ing to high-value crops. The latter is not considered here due
to inadequate data for the period before intervention, espe-
cially regarding crop-switching. Hence our estimates will be
on the conservative side. By comparing maize yields under
different irrigation conditions using plot level data directly
derived from our survey, we find that on average the yield
under irrigation is 118 kg/mu (31 percent) higher than for
non-irrigated land. Within irrigated land, maize with ground-
water irrigation has a 14 percent higher yield than with sur-
face irrigation, and the difference is statistically significant.
This finding is consistent with Dhawan,((8) showing that
groundwater irrigation performs better than surface water be-
cause farmers have better control over supply. 
To investigate the true relationship between irrigation and
yield, other factors that contribute to higher yields on irri-
gated land (e.g. soil fertility) need to be accounted for. An
empirical model is developed taking into account the house-
hold features, as well as detailed plot-specific characteristics.
Household features include the experience and education of
the household’s members, the number of labourers, fertiliser
application, capital and land endowment, and choice of
seeds, among others. Plot-intrinsic factors include access to
irrigation, soil quality, plot size, topography, slope, and dis-
tance from home. The model is estimated by Ordinary
Least Squares using robust standard errors.((9) The positive
51N o  2 0 0 8 / 2
8. B. D. Dhawan, “Irrigation in India’s agricultural development: Productivity, stability, equi-
ty,” Delhi, Institute of Economic Growth, Sage publications, 1988.
9. H. White, “A heteroskedasticity-consistent covariance matrix estimator and a direct test
for heteroskedasticity,” Econometrica, 48, 1980, pp. 817-838.
c
h
in
a
pe
rs
pe
ct
iv
es
S p e c i a l  f e a t u r e
coefficient for irrigation (see Table 2) means that on irri-
gated land maize yield is 21 percent higher, equivalent to 85
kg/mu. This amount is lower than the 31 percent directly
derived from descriptive statistics, indicating that the higher
yield on irrigated land is partly attributable to other explana-
tory plot or household-related factors. By dividing irrigation
into surface and ground water, the results suggest that plots
with surface water irrigation have a 17 percent higher yield
than those that are non-irrigated, while with groundwater it
is 24 percent higher. Our survey suggests that the quantity,
frequency, and timing of groundwater irrigation are more re-
liable, which helps to ensure a higher yield. The results
show that maize yield is reduced considerably if the farm-
land is deprived of access to irrigation water. 
In addition to crop yield, the impact of reduced irrigation on
household income is investigated. The survey based the def-
inition of income on cash payments and two additional com-
ponents: agricultural output produced for self-consumption
valued at market price, and payments in kind valued at mar-
ket price. On average, a household in the study area has an
annual net income of about 2,840 RMB per capita, of
which 723 RMB is from crop income. Among all sources of
household income, 25 percent is generated from farming
and 11 percent from livestock husbandry, while 56 percent
of the income stems from non-farm employment and 8 per-
cent from other sources. Although crop income accounts for
only 25 percent, farmers are dependent on their land for
food consumption and regard farming as an essential source
of livelihood and security. To study the importance of irriga-
tion for household income, we analysed the sources of in-
come for households classified according to irrigated land
area per capita measured in mu (see Table 3).
Table 3 shows a positive correlation between irrigation and
per capita income. As per capita irrigated area in a house-
hold increases, the absolute value of both total income and
crop income also increases. For example, compared to
households with per capita irrigated areas of less than 1 mu,
crop income is 43 percent higher for those with 1-2 mu and
113 percent higher with more than 2 mu. Other sources of
income, however, do not exhibit such a continuously increas-
ing trend. Another finding is that cropping becomes a more
important source of income as per capita irrigated area ex-
pands. For example, crop income accounts for only 23 per-
cent of income for households with per capita irrigated land
of less than 1 mu, but it increases to 36 percent for those
with over 2 mu. In particular, there is a substantial increase
in the share when irrigated land is above 2 mu, indicating an
enormous economic gain in both farm and total income.
This implies that new irrigation projects will facilitate the
process of poverty alleviation, in particular for the poor, if
designed to expand the irrigated area above the limit of 2 mu
per capita.
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To gain a better understanding of how irrigation affects the
varying sources of income, a more robust analysis such as
multivariate analysis is needed to address the correlations.
We follow standard approaches on income analysis, in
which income is defined as a function of many determinants,
including both household and locational characteristics.((10)
The factors influencing household income were grouped into
four categories: land assets, human capital, other household
assets, and village features. For land assets, the size of irri-
gated land per capita, the focus of our study, is used to cap-
ture the irrigated land holdings. Rain-fed cultivated area per
capita accounts for the remaining land holdings, and the
number of total plots is used to capture the degree of land
fragmentation. Human capital includes the average age and
education of adult members, as well as the number of de-
pendent members. The average level of education in the
household proves to be a better explanatory variable of
household income than education of the household head.((11)
The “other household assets” is reflected by the value of
agricultural machinery a household owns and the value of
draught animals. Village features are captured by a set of
variables: distance from townships, percentage of hilly area
in the village, fixed phone connections, the ownership of dug
or tube-wells, and the number of village factories. 
Ordinary Least Squares are used to estimate income func-
tions for total and crop income, while Tobits are used in live-
stock and off-farm income estimations. Similar models on
household income have been widely used in the litera-
ture.((12) The regression results show that losing irrigation on
1 mu of land decreases crop income by 343 RMB and total
income by 478 RMB. Compared with rain-fed agriculture,
we find that converting irrigated land to rain-fed land would
result in a decrease in crop income of 162 RMB and in total
income of 227 RMB. It is evident that irrigation has a spill-
over effect on farm income, as reduction in irrigation leads
to a greater loss in total income. Irrigation is, however, not a
significant factor in livestock and off-farm income. Compensation and socia l  equi ty in  agr icul tural  watert ransfer
The importance of irrigation in increasing rural household
income and the larger demand for water in Beijing presents
a conflict over limited water resources in the Chaobai water-
shed. In this situation, methods for making appropriate
water compensation arrangements and thereby achieving
“social equity” becomes crucial. Social equity implies fair ac-
cess to water resources and livelihood; the concept of what
is “fair” reflects the ethical values shared by society, as well
as economic values associated with resource use.((13)
Since the 1990s, the Miyun reservoir has become the most
important supplier of Beijing’s drinking water as a conse-
quence of water quality degradation in another reservoir,
Guanting. Great attention has since been paid to ecological
protection of upstream areas of the Miyun reservoir for Bei-
jing’s water security. A set of policy interventions has been
introduced aiming at water and soil conservation, water sav-
ing, water pollution control, and the development of water-
friendly ecological agro-economic zones.((14) Among these,
three policy interventions have had the most profound im-
pact on farmers in the Chaobai watershed. These are retain-
ing water in the Yunzhou reservoir in the Bai River, convert-
ing paddy rice to dryland crops, and converting sloping land
to forest or pasture. 
Based on our survey, the Yunzhou reservoir has been retain-
ing water during crop growing seasons and otherwise redi-
recting it to Beijing since 2003. It provided water to Beijing
in 2004 and 2005 by releasing 10 million m3 and 18 million
m3, respectively, to the downstream Miyun reservoir.((15) This
water diversion has caused a drastic reduction in irrigated
land and forced a change of crops. Before 2003, farmers
grew paddy rice and vegetables that required irrigation.
After the water diversion, only maize and dryland crops
could be planted, with the most severe effect felt in the three
townships of Yunzhou, Chicheng, and Yangtian, located di-
rectly downstream of the reservoir. In one of the villages sur-
veyed in Yunzhou Township, the village leader revealed that
the entire irrigated area of 400 mu was lost due to this inter-
vention. According to our early estimates, this would imply
an economic loss of 90,800 RMB per year in total house-
hold income, of which 64,800 RMB is from crop income.
In other words, an average household in the village would
have lost income of 1,009 RMB per year. This intervention
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affected more than 20 villages downstream along the river
to varying degrees. Losing irrigation for maize caused a
yield reduction of 21 percent, and had a more striking im-
pact on rice and vegetables, as they were phased out due to
lack of irrigation water. No compensation was provided fol-
lowing this intervention. Many farmers interviewed com-
plained about unfair treatment and the lack of equity in this
matter. Based on our estimation, the appropriate level of
compensation should be around 227 RMB/mu per year for
the loss of irrigation. Former paddy rice land should be
compensated more due to greater income loss in converting
rice to dryland crops.
The second water saving policy, converting paddy rice to
dryland farming, was implemented more recently, in 2006.
Paddy rice uses three times more irrigation water than dry-
land crops in the growing season (the return flow that may
be available downstream is not considered here). This initia-
tive is considered to reduce surface water use by restricting
rice growing areas to increase water inflow to the Miyun
reservoir. The practice claims to save 532 m3 per mu in the
Heihe River in Chicheng, where this policy was pio-
neered.((16) If the entire rice field of 17,462 mu from this
catchment is converted, a reduction in water use of 9.3 mil-
lion m3 can be expected. Farmers who adopt this policy are
supposed to be compensated with 400 RMB/mu. Is this
level of compensation sufficient? 
We examined the income differences between rice and
maize based on our plot-level survey data to address this
issue. This is reasonable because most farmers grow maize
in their converted land. The calculations show that the net
crop income for an average rice plot amounts to 746
RMB/mu compared with 262 RMB/mu on a maize plot.
This implies an income difference of 484 RMB/mu, which
would be an appropriate level of compensation when adopt-
ing this policy. For some plots that are not suited to growing
anything but rice due to soil conditions, the level of compen-
sation should be set at 746 RMB/mu to compensate for
total economic loss. Our estimates suggest that the current
official level of compensation of 400 RMB/mu is rather
low. However, our survey reveals that taking into account
the more intensive labour involved in rice farming, farmers
would be more or less willing to accept this policy if they re-
ceived full compensation. But in practice, not only is the
compensation lower, but compensation payments are often
54 N o  2 0 0 8 / 2
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A worker waters a lawn in a residential compound in Beijing on June 27,
2008. Beijing’s water crisis is so critical that the city is facing economic
collapse and will need to resettle part of its population in coming decades,
according to various experts. © AFP
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delayed. In one of the villages, farmers received only 60
percent of the compensation due to them. In a neighbour-
ing village, compensation payments have not yet been re-
ceived, and farmers complained about less staple food for
consumption. 
The third intervention is “converting sloping farmland to
forests and pastoral land,” the so-called “grain for green”
policy. This program was launched in 2002 in our study
area and targeted at lands with 15 degrees or more of
slope. Although it does not relate directly to water diver-
sion from agriculture, it affects agriculture for water pro-
tection reasons. This program offers compensations to
farmers in the form of grain, cash, and seedlings. In our
survey, 61 percent of farm households have adopted the
policy. The current compensation is 140 or 160 RMB in
cash per year, lasting for five to seven years depending on
the type of trees planted. While the policy’s criteria and
compensation levels are clear, we found that the selection
of the plots for the program was influenced by village au-
thorities and limited by quotas. In some cases, only part of
the actual area of the plot was taken into account in deter-
mining compensation, although the whole plot has been
converted to forest. In other cases, different levels of com-
pensation were given for similar plots, and were imple-
mented, moreover, without transparency. Another factor
stems from the gap between the current level of compen-
sation and the net income otherwise obtained by growing
crops. Based on our calculations, the loss of 1 mu of rain-
fed land would reduce net crop income by 181 RMB and
total household income by 251 RMB. This, however,
could not be taken directly as a benchmark due to reduced
losses expected on sloping land. Nevertheless, our survey
reveals that for some farmers a higher compensation, rang-
ing from 200 to 300 RMB/mu, would be more accept-
able. Hence, the need for different levels of payments
should take into account the land quality and previous
crop income. 
In summary, the policy measures to decrease water use in
our study area to ease water stress in Beijing have brought
stress to local farmers. Although farmers may have an inter-
est in overstating their willingness to accept the measures
mentioned above, our analyses are based mainly on the dif-
ferences in yields among households rather than farmers’
estimates of loss. As the weakest group, they deserve to be
adequately remunerated for their losses in livelihoods and
income. If this issue is not addressed with sufficient fair-
ness, the aim of sustainable delivery of water to Beijing and
its environs may not be realised in the near future. 
Water  qual ity  and fe rt i l i ser  usein  farmland
Besides water reallocation, the quality of water has also
been a concern. The level of fertiliser and pesticide use, as
well as farming practices in the region, has a great impact on
water quality downstream. Nutrient loss from agricultural
land has been partially responsible for the eutrophication
and degradation of water quality in the Miyun reservoir. As
elsewhere in China, farmers in this area tend to apply signif-
icant amounts of fertiliser. For example, our survey showed
that a typical maize farmer applies 12 kg/mu of phosphate
fertiliser in conjunction with 27 kg/mu of urea (nitrogen fer-
tiliser). Compared with maize, less fertiliser is used on
coarse grains and more is applied to paddy rice. In general,
farmers tend to favour the use of nitrogen fertiliser, but un-
dervalue the effects of phosphorous and potassium fertilis-
ers. The ratio of N and P2O5 (phosphorus pentoxide) ap-
plication is approximately 1: 0.38 in the area surveyed. This
ratio diverges significantly from the recommended ratio of 1:
0.6-0.7 for the region.((17) Overuse of nitrogen fertiliser is
prevalent, and can result in not only low efficiency and large
losses, but also a negative impact on the atmospheric envi-
ronment and water quality.
In order to inform policy makers about reducing pollution
from farmland, it is essential to understand how farmers
make fertiliser use decisions. This has high relevance for for-
mulating effective intervention strategies. This study consid-
ers both farmers’ subjective evaluations of the factors shap-
ing their decisions on fertiliser use, and the influence of farm
and farmer-specific characteristics. Our survey contains a se-
ries of questions relating to farmers’ subjective assessments
of the factors influencing their decisions. Farmers were
asked to list the most influential factors coming into their
minds when deciding how much fertiliser to use. Addition-
ally, farmers were asked to rate the decision variables ac-
cording to the importance and degree of uncertainty. The re-
sults show that farmers’ own experiences with fertiliser and
yield gain from fertilisation are very important for their deci-
sions on how much fertiliser to use, while the cost of fer-
tiliser, capital availability, expected work in its application,
and social influences (including neighbours and institutional
influence) are not important. The low importance of social
influence suggests that farmers in the study area receive very
few agricultural extension services on fertiliser application
and essentially make decisions on their own. The absence of
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guidance in determining appropriate levels of fertilisers for
their land may lead to high levels of nitrogen fertiliser appli-
cation. 
In addition, an empirical analysis was conducted with fer-
tiliser use per land area as the dependent variable and a set
of farm and farmers specific factors as independent variables
to explain the variation in fertiliser use intensity across
farms. The results show that irrigation and expected gains in
crop yield are positively correlated to fertiliser use, while
farm size, manure application, soil fertility, and the distance
to fertiliser markets are negatively correlated. The financial
constraints of the household play a trivial role in influencing
fertiliser use, implying that the farmers make decisions inde-
pendent of capital availability in this area. Investigation of
the overuse problem shows that education significantly re-
duces the probability of overuse of nitrogen. Strategies  and conc lusions
Our study, based on household survey data, clearly shows
that water reallocation from agriculture to Beijing in the
Chaobai watershed has decreased farmers’ crop production
and compromised their welfare at current levels of infrastruc-
ture and technology. We discussed the effects of three major
interventions on local farmers in the study area and found
that in all cases a better mechanism of compensation is
needed to achieve social equity in water sharing and reallo-
cation. It is therefore necessary to establish compensation
mechanisms in our study area and in other water protection
zones that are transparent, fair, and protected by law. It is
also important to ensure that upstream stakeholders who
carry out water conservation work are appropriately funded
and are involved in the land and water use decision-making
processes. 
Improving water use efficiency by investing in water-saving
technologies and irrigation infrastructure is indispensable
under water stress conditions. Other aspects of policy impli-
cations for successful water transfers include the establish-
ment of effective water management, the use of feasible
water prices, delineation of secure and consistent water
rights, and the reconsideration of national agricultural poli-
cies. In addition, water management reform of irrigation sys-
tems is badly needed in our study area, including institu-
tional reforms as well as incentives to water managers and
farmers to save water. Equally important is to adopt inte-
grated river basin management through which coordinated
conservation, management, and development of water re-
sources across sectors and regions can be achieved. Only by
addressing these issues can a smooth and fair long-term re-
lationship over water be ensured between our study area and
Beijing. 
With respect to water quality, it is important to achieve an
appropriate balance of nitrogen, phosphate, and potassium
fertilisers in farmland, and to restrain the overuse of nitro-
gen. Many farmers expressed concern over their lack of
knowledge of the soil nutrient content of their land, and
stressed the importance of field soil experiments. These con-
cerns imply that in this region education and extension serv-
ices should concentrate on educating farmers about under-
standing their soil and recognising the importance of bal-
anced fertiliser application, fine-tuning their fertiliser use
practices to improve the efficiency of fertiliser use, and re-
ducing the overuse of nitrogen. 
Sustained efforts are needed to strengthen general rural ed-
ucation and to enhance the dissemination of technical advice
to farmers. Improving rural extension services and on-site
demonstrations will be beneficial to farmers by providing
knowledge of soil quality and raising awareness of the nega-
tive effects of excess fertiliser use. As weather conditions are
important in deciding on fertiliser application, the provision
of timely local weather forecasts would also help farmers
evaluate the risks and determine the appropriate amounts to
apply. The significance of manure application suggests that
organic fertilisers should be promoted in this area, as it can
offset the use of chemical fertilisers. Green manure should
also be promoted in this region for its nutrients and organic
matter contributions to the soil. Furthermore, ecological agri-
culture should be developed in this area by making use of
eco-friendly technologies, combined with traditional physical
and cultivation measures, taking into consideration the qual-
ity of the soil, the availability of water, and the potential for
investment.• 
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